Light microscopically, an essential difference could be observed in the affinity to ammoniacal silver solution between NA and A cells. It was clarified that the granules of NA cells stained in black and were clearly distinguishable from the yellow-or brownstained granules in both A cells and summer cells. This silver method can be applied for the light microscopic identification of the NA cells in the Epon-embedded sections. Furthermore, after immersing the thick sections in toluidine blue or methylene blue, the granules of NA cells showed much stronger affinity to both dyes than those of A cells and became dark blue and occasionally stained greenish blue in methylene blue, while the summer cells became blue and the granules of the A cells stained light blue.
Since BANDER (1950) first demonstrated the two different types of chromaffin cells in the mammalian adrenal glands, NA and A storing cells histochemically under the light microscope, many cytochemical studies of the adrenal chromaffin cells in various animals have been reported on both the light and the electron microscopic levels.
In the frog adrenal gland, TAKAYA (1970) demonstrated under the light microscope two distinct types of chromaffin cells by applying the argentaffin reaction and the lead hematoxylin stain to the paraffin sections, subsequent to glutaraldehyde or formalin fixation.
For the diffierentiation and the identification of the noradrenaline-and adrenalinecontaining granules on the electron microscopic level, many investigators have attempted various methods (WOOD, 1963; WOOD and BARNETT, 1964; COUPLAND et al., 1964; TRAMEZZANI et al., 1964; ELFVIN, 1965; COUPLAND and HOPWOOD, 1966) . Two types of chromaffin cells have already been distinguished by using double fixation with glutaraldehyde followed by osmium tetroxide in the frog adrenal gland (BENEDECZKY, 1967) . However, there has been no direct demonstration for identification of the same cells at both light and electron microscopic levels.
In the present study, silver staining and toluidine blue or methylene blue staining were respectively applied to the thick Epon-embedded sections prepared from serially adjacent sections, before and behind, the thin sections for electron microscopy, in order to distinguish and identify the two types of chromaffin cells as well as the summer cells.
Materials and Methods
Twenty adult frogs, Rana nigromaculata, obtained in May and October, were used in this study. The frogs were sacrificed by perfusion of the fixative solution through the heart under anesthesia with MS-222 (meta aminobenzoic acid ethylester methanesulfonate, Sankyo Co., Japan). KARNOVSKY's glutaraldehyde-formaldehyde fixative (KARNOVSKY, 1965) or 2% glutaraldehyde solution in 0.1M phosphate buffer (pH 7.4) were used as the fixative solution.
Immediately following perfusion the adrenal glands were resected and cut into small blocks. The blocks were then immersed in ice-cold 1% osmium tetroxide buffered with 0.1M phosphate for 2hrs and dehydrated in a graded series of ethanol and embedded in Epon 812. Thin sections for electron cut with glass knives on a Porter-Blum MT-1 microtome.
Thick sections were stained in toluidine blue or methylene blue (RICHARDSON, tion according to the modified method of BIELSCHOWSKY (1904) . The ammoniacal silver solution was prepared by the following procedure. Four drops of 40% aqueous sodium hydroxide were added to 10ml of 10% aqueous silver nitrate. The dark brown precipitate which appeared in the solution was dissolved by adding concentrated ammonia (28% ammonium hydroxide) and the solution was brought to 200ml with distilled water.
Results

I. Electron microscopic observations
Two different types of chromaffin cells, summer cells (STILLING, 1898) and cortical cells were observed in the frog adrenal gland. Both types of chromaffin cells were found as clusters among summer cells and cortical cells and were spheroidal and polygonal in shape. The nuclei were eccentric.
In the frog adrenal gland fixed with glutaraldehyde followed by osmium tetroxide, one type of the chromaffin-storing cells was filled with high density granules of markedly varying shape. The granules were mostly spherical in shape, but often rod and kidney-like forms were also observed. Their size ranged from 200 to 400nm in diameter for the spherically shaped granules cells the granules were mostly round in shape with moderate or low density and they were about 300nm in diameter.
The former type is considered to be the NA cells and the latter, the A cells (Fig. 1, 4) .
The summer cells were usually located among the groups of chromaffin cells and cortical cells. In the frog adrenal gland fixed in glutaraldehyde and osmium tetroxide the cytoplasm of the summer cells was almost completely occupied by moderately dense granules that were bounded by a limiting membrane (Fig. 1, 4) . The granules were round or polygonal and were much larger than the catecholamine-containing dense substance of the granules was homogeneous and there was no clear space beneath the limiting membrane. By these characteristics of the granules, the summer cells are easily distinguishable from the chromaffin cells. The cortical cells were variable in shape and were scattered in small groups in the frog adrenal gland.
The cytoplasm of the cortical cells was mostly occupied by a large amount of lipid droplets and numerous mitochondria presenting vesicular cristae (Fig. 1) .
II. Light microscopic observations 1. Ammoniacal silver staining of the thick sections When ammoniacal silver solution was applied to the thick sections that lay adjacent to the thin sections for electron microscopy, the cytoplasmic granules in some chromaffin cells, which proved to be NA cells in the thin section under the electron microscope ( Fig. 1) , stained black or dark brown (Fig. 2) . On the other hand, yellow or light brown granules were observed in the cytoplasm of the chromaffin cells corresponding to the A cells, the thin section of which showed abundant round and less dense granules (Fig. 1, 2) . Generally, the two types of catecholamine-storing cells were intimately in contact with each other, but distinct black granules could not be recognized in the cytoplasm of the A cells.
The granules in the cytoplasm of summer cells stained yellow or light brown and were very similar to the staining of the cytoplasmic granules of the A cells (Fig. 2) . On the ammoniacal silver stained thick sections it was very difficult to differentiate the A cells and the summer cells.
The cytoplasm of the cortical cells stained light yellow and contained numerous large lucent vacuoles corresponding to lipid droplets (Fig. 2) .
Toluidine blue or methylene blue staining of the thick sections
Generally, the granules in the cytoplasm of NA cells stained equally dark blue in both toluidine blue and methylene blue (Fig. 3 ), but at times the cytoplasm of the NA cells stained greenish blue in methylene blue (Fig. 5) . The granules in the summer cells also stained purple or blue (Fig. 1, 5 ). Compared to the NA cells, the summer cells did not show any greenish blue stain in methylene blue (Fig. 5) and appeared mostly to be lighter in color than the NA cells (Fig. 3) , and, thus, the two cells could be distinguished without difficulty.
The cytoplasm of the A cells stained light blue (Fig. 3) . The staining reactions of the granules in the frog medullary cells for ammoniacal silver and methylene blue are summarized in Table 1 . Table 1 . The staining affinities of the granules in the frog adrenal gland cells Discussion BURGOS (1959) who first observed the frog adrenal gland under the electron microscope classified three cell types: The cortical cells, the chromaffin cells-falling into only one cell type with an ability to secrete both noradrenaline and adrenaline, and the eosinophilic cells. In the frog adrenal medulla, BENEDECZKY (1967) reported that the double fixation with glutaraldehyde and osmium tetroxide revealed three kinds of medullary cells: NA cells containing high density granules with an average It was also reported that the NA cells were argentaffin and the A cells were stained deep blue in lead hematoxylin after formalin or glutaraldehyde fixation. However, when fixed in Bouin, Carnoy or absolute alcohol both types of chromaffin cells were negative to the argentaffin reaction.
In order to differentiate the NA and A cells on the serial sections, thick and thin sections of Epon-embedded blocks of the adrenal gland fixed in glutaraldehyde and osmium tetroxide were alternately studied by light and electron microscopy. Applying the ammoniacal silver reaction on the thick sections, the NA cells that revealed spherical and rod-shaped high density granules on the thin section stained in black or strong dark brown, but the A cells with spherical less dense granules tinged light brown. It is supposed that this difference between NA and A cells is probably caused by much stronger chemical affinity of noradrenaline to glutaraldehyde than that of adrenaline.
In the adrenal glands of various vertebrates fixed in glutaraldehyde followed by osmium tetroxide, many authors have reported that the adrenaline-containing granules were considerably less dense than the noradrenaline-containing ones (WOOD and BARNETT, 1963, 1964; COUPLAND et al., 1964) . TRAMEZZANI et al. (1964) reported that fine silver precipitates were observed only in the granules of the NA cells of the mammalian adrenal glands that were fixed in glutaraldehyde and treated with ammoniacal silver solution before dehydration. Both adrenaline and noradrenaline, however, were equally reduced by ammoniacal silver solution in vitro. He also postulated that the compound formed by the condensation of noradrenaline and glutaraldehyde was insoluble and the aldehyde group of the noradrenaline compound reduced the silver, while adrenaline remained soluble in glutaraldehyde.
In the present study it was demonstrated in the frog adrenal gland that the granules of the NA cells in the Epon embedded section after double fixation in glutaraldehyde and osmium tetroxide were also reactive to ammoniacal silver solution.
From the radioautographic observations of the frog adrenal glands using 3H-noradrenaline a large number of silver grains have been recognized on the dense granules in the cytoplasm of the NA cells, but none or very few silver grains were found in the cytoplasm of the A cells which have less dense round granules (NAKAI and IWASHITA, 1973) . It may be possible to consider that these labelled noradrenaline are taken up directly into the medullary cells, especially into the NA cells. As to the distinction of A cells from NA cells, it is still obscure whether the NA cells possess one type of noradrenaline-containing granules only or both types of secretory granules. Although in some cases two different types of granules co-exist in the cytoplasm of one and the same chromaffin cell, no black granules have been recognized in the cytoplasm of the A cells on the thick sections stained in ammoniacal silver solution.
As to the light microscopic observations of the amphibian adrenal glands, FUSTIONI and PORTO (1938) reported that two types of chromaffin cells, one having a strong affinity for anilline azure and azocarmine and the other having very faint affinity for both dyes, might be identified in the dichromate-fixed adrenal of the toad, Bufo arenarum. WRIGHT and JONES (1955) reported that compared to the NA cells the A cells had a higher affinity to Ehrlich's hematoxylin in the staining sections of potassium dichromate-fixed adrenal of the lizard, Lacerta viridis. KOBAYASHI and WATANABE (1971) demonstrated in the freeze-dried and formaldehyde fixed adrenal medulla that the cytoplasmic granules of the A cells were selectively stained by toluidine blue and pseudoisocyanin, and suggested that the basophilic substance in the secretory granules of the A cells was the glutamate-rich soluble protein (chromogranin) and this specific protein of the A cells may possibly contain more acidic side chains than that of the NA cells. In the glutaraldehyde fixed adrenal gland of the present study the granules of the NA cells were generally much more strongly stained in toluidine blue than those of the A cells and showed occasionally greenish or yellowish blue in methylene blue. From these findings it may be considered that some substances with acidic side chains except for soluble protein (chromogranin) are much more abundantly contained in the granules of the NA cells than those of the A cells, and the granules of the NA cells containing noradrenalineglutaraldehyde compound remained insoluble during the preparation processes and probably showed metachromatic staining.
Concerning the structure and function of the summer cell of STILLING in the interrenal gland of the frog, VOLK (1972) reported that the summer cells were intimately associated with the cortical cells and contained granules which stained purple with toluidine blue and showed yellow-green fluorescence after staining with thioflavin T. in diameter.
It was concluded that the summer cell may secrete a renin-like substance that may function in an aldosterone-stimulating renin-angiotensin system. YOSHIMURA and HARUMIYA (1966) reported that two kinds of cortical cells, lipid and summer, were present in the frog's adrenal. The granules in the summer cells were abundant during hibernation, while during the breeding season the hypertrophied summer cells excessively increased in number and were characterized by the loss of dense granules.
It was suggested that the summer cells might be derived from the lipid cells. In the present study the granules of the summer cells did not reduce the ammoniacal silver and were stained blue with methylene blue as well as with toluidine blue. From the above staining affinities and the size of the granules the summer cells were easily distinguished from the catecholamine-storing cells, though the function of the summer cell is still open to question.
